Abstract. Recently, discrete and variable Adriatic indices have been introduced and it has been shown that the sum α -exdeg index is good predictor (when variable parameter is equal to 0.37 ) of the octanol-water partition coefficient for octane isomers. Here, we study mathematical properties of this descriptor. Namely, we analyze extremal graphs of this descriptor in the following classes: the class of all connected graphs, the class of all trees, the class of all unicyclic graphs, the class of all chemical graphs, the class of all chemical trees, the class of all chemical unicyclic graphs, the class of all graphs with given maximal degree, the class of all graphs with given minimal degree, the class of all trees with given number of pendant vertices, and the class of all connected graphs with given number of pendant vertices. Also, many open problems about variable Adriatic indices are proposed.
INTRODUCTION
Recently, discrete and variable Adriatic indices have been introduced 1 and studied. Predictive and mathematical properties of discrete Adriatic indices have been analyzed in papers. 1, 2 Predictive properties of variable Adriatic indices have been studied in Ref. 3 . It has been found that three variable Adriatic indices have especially good predictive properties, namely: V G is the set of vertices of . G Hence, this index can be considered as a sum of vertex contributions such that the contribution of each vertex depends solely on its degree. One immediately see a parallel to the well known the first Zagreb index 4 defined by:
The mathematical and predictive properties of Zagreb index have been extensively studied (see Refs. 4-6 and references within and, for recent mathematical studies, Refs. 7-12).
In this paper, we analyze graphs with extremal values of the a SEI index in the following classes: the class of all connected graphs, the class of all trees, the class of all unicyclic graphs, the class of all chemical graphs, the class of all chemical trees, the class of all chemical unicyclic graphs, the class of all graphs with given maximal degree, the class of all graphs with given minimal degree, the class of all trees with given number of pendant vertices, and the class of all connected graphs with given number of pendant vertices.
These results can be used for the detection of chemical compounds that may have desirable properties. Namely, if one finds some property well-correlated with this descriptor for some value of , α then extremal graphs should correspond to molecules with minimal or maximal value of that property. Since one such property has already been found, 3 this may encourage the further study of this index.
MATHEMATICAL PROPERTIES OF SUM a -EXDEG INDEX FOR

a 
In this paper, we consider only simple connected graphs, so from now on by graph we imply simple connected graph. The number of vertices of G will be denoted by   n G and number of edges by  . 
It can be easily seen that 1 1 x  and that 3, 
because f is convex. This is in contradiction with the
From here, it directly follows that:
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for each tree G with n vertices and for each 1. a  The equality for the lower bound holds if and only if G is a path. The equality holds for the upper bound holds if and only if G is a star .
Let us recall that every graph G contains a spanning tree , T i.e. subgraph T which is a tree such that
Lemma 9. Let G be graph and T its spanning tree, then
Since the degree of every vertex in T is not larger then in , G the Lemma follows. ■ From Proposition 8 and Lemma 9, it follows:
for each graph G with n vertices and for each Let us prove: 
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Moreover, the equality in the lower bounds holds if and only if one of the following holds: 
and G only has vertices of degrees 1 and 3; d) 5  Arc cos  3  3  27  cos  4 3 8 
and G only has vertices of degrees 1 and 3; d) 5  Arc cos  3  3  27  cos  4 3 8
and G only has 
